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Abstract
The water osmotic permeability of frog urinary bladder was found to be increased from 0.08"0.01 to 1.28"0.20
mlrmin cm2 when serosal bathing medium was changed 4 times for a fresh Ringer solution. High epithelium permeability
 .is accompanied by an increased content of cyclic AMP in the bladder tissue by 42%, P-0.01 , higher activity of both
 .  .basal and forskolin-stimulated membrane adenylate cyclase AC by 109% and 74%, respectively, P-0.05 and by
appearance of aggregates of intramembranous particles in the apical membrane. The water flow was inhibited by
y9 y5  . y410 –10 M prostaglandin E PGE ; the inhibitory effect was eliminated in the presence of 10 M N-ethylmaleimide.2 2
The increase of water permeability due to changes of the bathing medium was accompanied by a decrease of serosal PGE2
concentration from 14.8"1.0 in the 1st solution to 0.6"0.1 nM in the 5th. 10y6 M PGE in vitro inhibited the activity of2
 .membrane AC from highly permeable bladders by 33.4% P-0.02 . Pretreatment of the membranes with 10 mgrml
 .  .pertussis toxin PT completely reversed this effect q149%, P-0.01 . A significant activation of AC was also observed
y10  .under 10 M PGE by 196% . These data demonstrate that the water permeability could be markedly increased2
independently of ADH, suggesting that the trigger role in activation of water transport is played by a decreased level of
PGE which could stimulate AC.2
 .Keywords: Osmotic water permeability; Urinary bladder; Prostaglandin E ; cAMP; Adenylate cyclase; Frog2
1. Introduction
Isolated urinary bladder of amphibia has being
used for more than 30 years as an excellent model of
the osmoregulating epithelium in studies on mecha-
 .nisms of antidiuretic hormone ADH action. Unique
structural-functional peculiarities of the osmoregulat-
ing epithelia allow the isolated urinary bladder and
placed in Ringer solution to sustain for a long time
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the osmotic impermeability at a 10-fold osmotic gra-
w xdient inside and outside 1 . A sharp rise in the
osmotic permeability due to insertion of water chan-
nels into the apical membrane occurs only after addi-
tion of ADH or substances that increase level of
cAMP in the cell, such as cAMP itself, inhibitors of
w xcAMP-dependent phosphodiesterase 2,3 , forskoline
w x4 .
When working with isolated urinary bladders of
frog Rana temporaria L., we noticed that the water
osmotic permeability was somewhat increased if the
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serosal solution was replaced by a fresh Ringer solu-
w xtion 5 . On repeating this procedure 3–4 times every
15 min, a most dramatic rise was found out in the
osmotic permeability of the same order as that due to
high doses of ADH. It has been suggested that sev-
eral consecutive changes of the surrounding medium
result in elimination, or a decrease of concentration,
of some factor that initially provides for a fairly
complete osmotic impermeability of the epithelium.
In the previous work, experimental proofs were pre-
 .sented for this factor or one of these factors being
 . w xprostaglandin E PGE 5 . The present study is2 2
dealing with an attempt to understand mechanism of
its action in regulation of water permeability indepen-
dently of ADH and physiological role of the revealed
phenomenon.
2. Materials and methods
2.1. Animals
 .Male frogs Rana temporaria L. were obtained
 .from the Zookombinat St. Petersburg and housed in
a hemi-aquatic bath at q58C. All experiments were
performed in the period from October to April.
2.2. Osmotic water flow measurement
Urinary bladders were removed from doubly-pithed
frogs, and paired hemibladders were prepared as sacs
on bungs. The serosal surface was bathed with 5 ml
 .of aerated Ringer solution in mM : 111 NaCl, 2.5
KCl, 2.5 NaHCO , 0.85 CaCl , 5 glucose; pH 7.8,3 2
osmolality 220 mosmolrkg H O. The mucosal sur-2
face was bathed with 1 ml of the same solution
diluted 1:10 with distilled water. Isolated paired
 .hemibladders were washed twice 5 s=2 in Ringer
solution and transferred to 5 ml of a fresh Ringer
solution. After 20 min, the bathing medium in the
experimental hemibladder was replaced by a fresh
solution, and then the bathing medium was changed 4
times every 15 min. The control hemibladder was in
the same bathing medium during the experiment. The
w xosmotic water flow was measured gravimetrically 1 .
All experiments were carried out on paired hemiblad-
 .ders one was served as a control at a stable temper-
 .ature 248C .
2.3. Measurement of cAMP content in urinary blad-
der tissue
Control and experimental whole hemibladders were
homogenized in 50 mM TrisrHCl buffer, pH 7.5,
containing 4 mM EDTA and 0.2 mM 3-isobuthyl-1-
methylxanthine, followed by heating for 3 min in a
boiling water bath. After centrifugation, the cyclic
AMP level in the supernatant was assayed by a
w3 xcAMP H assay system. Radioactivity in these, as
well as in other, experiments was measured by a
LKB 1209r1215 RackBeta scintillation counter. The
values were expressed as pmol per mg of protein.
2.4. Determination of PGE content in bathing media2
and bladder tissue
Aliquots of serosal bathing media of control and
experimental hemibladders were taken for measure-
ment of PGE content. At the end of experiments2
both hemibladders were homogenized in phosphate
buffer saline 0.01 M phosphate, 0.15 M NaCl, pH
.7.4 . PGE from bathing media or PBS homogenates2
were extracted by 3 vol of ethyl acetate-isopropanol-
 .0.2 N HCl 3-3-1, vrv and mixed twice for 15 s.
Then 2 vol of ethyl acetate and 3 vol of water were
added. After mixing, the phases were separated by
centrifugation. The organic phase was dried under
vacuum in a 558C water bath. The level of PGE in2
the dried fraction was determined by a Prostaglandin
w125 xE I scintillation proximity assay system. Values2
were expressed as ng PGE rmg tissue protein or per2
ml of bathing medium.
2.5. Membrane preparation and assay of adenylate
cyclase
Crude membrane fractions were obtained from
 .control with low osmotic permeability and experi-
mental hemibladders, in which water flow was stimu-
lated by replacing the bathing medium for fresh
Ringer 4 times. Immediately after removal from the
bath, the hemibladders were homogenized in an ice-
cold buffer consisting of 40 mM TrisrHCl, pH 7.5,
and 2 mM EGTA, and centrifuged in a K 24 Janetzki,
.Poland at 1000=g for 10 min. Supernatants were
 .subsequently centrifuged in a UP 65 Germany at
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100 000=g for 1 h at 48C. Pellets were resuspended
in the 200 ml buffer, using a Teflon homogenizer.
Adenylate cyclase activity was measured using a
w xmodified method of Salomon et al. 6 . Incubation
was carried out in a final volume of 50 ml of 50 mM
 .TrisrHCl pH 7.5 , 5 mM MgCl , 0.1 mM ATP,2
w 32 x1–1.5 mCi a- P ATP, 1 mM cAMP, 0.5 mM
3-isobuthyl-1-methylxanthine and an ATP regenerat-
ing system consisting of 20 mM creatine phosphate
and 0.2 mgrml creatine phosphokinase. Where ap-
propriate, 10y5 M forskolin was added. The reaction
was initiated by addition of 10–20 mg membrane
protein and after 10 min at 288C was terminated by
adding 100 ml of 0.5 N HCl and immersing the tubes
into a boiling water bath for 7 min. 200 ml of 1.5 M
imidazole were added to each tube. The formed
w xcAMP was determined using a method of White 7 .
The samples were placed on neutral alumina columns
and cAMP was eluted by 8 ml of 10 mM imidazole-
HCl buffer, pH 7.4. The eluants were collected in
scintillation vials and counted in a LKB 1209r1215
RackBeta scintillation counter. Each assay was car-
ried out in triplicate and results were expressed as
pmol cAMPrmg of protein per min.
2.6. ADP-ribosylation procedure
Samples of the membrane fraction 200 mg pro-
.tein were incubated at q288C for 45 min with or
without 10 mgrml pertussis toxin in 200 ml of 50
 .mM TrisrHCl pH 7.8 , 2 mM MgCl , 1 mM EDTA,2
10 mM dithiothreitol, 0.1 mM NAD, 1 mM NADP,
0.1 mM GTP, 1 mM ATP and 10 mM thymidine.
Pertussis toxin was previously activated in the pres-
ence of dithiothreitol and ATP for 15 min at q378C.
After ADP-ribosylation, the suspension was diluted
to a final volume of 5 ml with an ice-cold 50 mM
 .TrisrHCl pH 7.5 and centrifuged at 100 000 g for
20 min. Pellets were resuspended in 50 mM TrisrHCl
 .pH 7.5 buffer and immediately used for the adeny-
late cyclase activity assay.
2.7. Electron microscopy
Bladders were fixed in 2.5% glutaraldehyde in 0.1
M phosphate buffer saline, impregnated in 30% glyc-
erol buffer solution and mounted on double-replica
 .gold disks Balzers ; they were then frozen in a
liqiudrsolid nitrogen slush, fractured and replicated
in a self-made freeze-fracture device at y1308C.
After treatment in sodium hypochloride solution and
careful washing in distilled water, replicas were
mounted on Formwar-coated grids. The replicas were
examined in a JEM-100C Electron microscope.
2.8. Protein determination
In all series of experiments the protein content was
w xmeasured by a method of Bradford 8 , with bovine
serum albumin as a standard.
2.9. Reagents
w3 x w125 xcAMP H assay system and PGE I scintilla-2
tion proximity assay system were purchased from
 . w 8xAmersham UK ; Arg vasotocin, prostaglandin E ,2
forskolin, 3-isobuthyl-1-methylxanthine, EDTA,
EGTA, cAMP, creatine phosphate, creatine phospho-
kinase, imidazole were obtained from Sigma Chemi-
 .cal St. Louis, MO, USA ; N-ethylmaleimide was
 .from Serva Germany ; NAD, NADP, ATP and neu-
 .tral alumina were from Reanal Hungary . Pertussis
w xtoxin purified as described 9 was kindly provided
by Dr. V.O. Rybin Cardiology Research Center,
. w 32 x  .Moscow . a- P ATP 4 Cirmmol was obtained
 .from Isotope St. Petersburg .
2.10. Statistics
All data are presented as means"S.E. Where
appropriate, Student’s t-test for paired data was used
to assess the significance of differences.
3. Results
As usually, the isolated hemibladders transferred
to Ringer solution possess very low level of osmotic
permeability, which was increased 20–50 times by
y9  . addition of 5 10 M arginine-vasotocin AVT Fig.
.1A . In another experiment we changed the serosal
bathing medium every 15 min. As it has been shown
w xin our previous work 5 , after the 1st replacement of
the serosal solution by the fresh Ringer, the water
permeability slightly increased, but next changes in-
 .duced a significant increase of water flow Fig. 1B .
Then the osmotic permeability remained stable at a
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Fig. 1. Hydroosmotic response of the isolated frog urinary blad-
y9  .  .der to 5 10 M AVT Vt A and to changes of the serosal
 . bathing medium for a fresh Ringer solution B water flow,
2 .mlrmin cm , vertical axis, vs. time, min . Dotted line in both
figures - control. Solid arrows indicate the moment of the bathing
medium change. Each value represents mean"S.E. of 10 experi-
ments.
high level. The hydroosmotic reaction was reversed:
it could be immediately stopped by transferring the
highly permeable hemibladders to the 1st medium
 .data not shown . The water permeability in control
hemibladder remained stable at a low level Fig. 1B,
.dotted line .
It is well established that the ADH-induced in-
crease of water permeability is based on a receptor-
mediated activation of adenylate cyclase and intra-
w xcellular accumulation of cAMP 2,10 . We measured
the level of cAMP in control hemibladders and in
hemibladders with a high water permeability achieved
by 5P10y10 M AVT or by a 4-fold changes of the
bathing medium. It was found that cAMP content in
the hemibladders treated by the fresh Ringer solution
was significantly higher than in control hemibladders:
44.7"7.2 in experimental hemibladders vs. 31.5"
 .3.2 pmolrmg protein in control, P-0.01 ns9 . It
was lower than in the AVT-treated hemibladders
 .58.4"8.3 pmolrmg protein, P-0.002, ns9 , but
correlation between the cAMP contents in highly
permeable hemibladders and values of water perme-
 .ability induced by the both ways was similar Fig. 2 .
Increase of the osmotic water permeability by
ADH is known to induce alterations in the structure
of granular cells. The most important feature of the
high permeable epithelial cell is presence of aggre-
gates of apical membrane intramembranous particles
w xwhich contain water channels 11,12 . Using the
freeze fracture electron microscopy, we analyzed api-
cal membranes of the granular cell of hemibladders
 . y10in control Fig. 3A and after treatment by 5P10
 .M AVT Fig. 3B or by change of the serosal bathing
 .medium Fig. 3C .
In control, when the water permeability was low,
the apical membrane of the granular cells had no
 .aggregates of intramembranous particles Fig. 3A .
When the water permeability was increased by AVT
or several changes of the surrounding solution, the
cell ultrastructure was changed markedly: large ag-
gregates of intramembranous particles measuring 20
Fig. 2. Correlation between increase of cAMP content % to
.  2.control and water permeability mlrmin cm in the frog uri-
y10  .nary bladder induced by 5 10 M AVT open symbols or by
 .changes of the bathing medium for a fresh Ringer solid symbols .
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nm and greater appeared at the fracture PF-surface
 .obtained by the freezing-fracture method Fig. 3B,C .
The size and form of these aggregates were different.
Aggregates of an approximately round shape had
areas from 0.01 to 0.4 mm2. No differences were
revealed in the granular cell ultrastructure at stimula-
tion of the osmotic water flow by AVT or by a
change of the surrounding solution.
Since the hydroosmotic response to ADH in the
osmoregulatory epithelium has been known to be
w xinhibited by exogenous prostaglandins E 13–16 ,
effect of PGE on osmotic water flow induced by2
changes of the bathing medium was tested. Different
doses of PGE dissolved in ethanol were added to the2
serosal solution at the maximal point of hydroosmotic
reaction. 15 min after addition of 10y8 M PGE , the2
water flow was decreased by 81%, 15 min later the
value of osmotic permeability was the same as the
 .basal unstimulated level Fig. 4A . Dosey response
studies showed a maximal inhibition after addition of
Fig. 3. Freeze-fracture electron microscopy of the apical membrane of the granular cell. A: control; B: 20 min treatment with 5=10y10
M AVT; C: changes of the bathing medium 4 times. Bar indicates 1 mm. Arrows indicate the intramembranous particle aggregates.
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10y8–10y7 M PGE ; 10y9, 10y6 and 10y5 were2
 . y10less effective Fig. 4B . 10 M, 15 min after its
addition, had no effect on water flow, and produced a
 .slightly stimulatory effect by 14%; P-0.05 15
min later.
Demonstration of an inhibitory effect of PGE on2
water flow induced by changes of the bathing medium
suggests a correlation between concentration of exter-
Fig. 4. Effect of PGE on the hydroosmotic response of the frog2
urinary bladder to changes of the bathing medium for a fresh
y8 Ringer. A: Time-course of the effect of 10 M PGE water2
2 .flow, mlrmin cm , vertical axis, vs. time, min ; in the presence
 .  .of PGE dotted line , control solid line . Arrows indicate the2
moment of change of the bathing medium. B: Dose dependency
of the effect of PGE % of inhibition of water flow, vertical2
.  .axis, vs. molar PGE concentration logarithm 15 min solid line2
 .and 30 min after PGE addition dotted line . Each value repre-2
sents mean"S.E. of 8 experiments.
 2Fig. 5. Water permeability mlrmin cm , solid bars, left vertical
.axis of the frog urinary bladder and molar concentration of
 .endogenous PGE nM, hatched bars, right vertical axis in2
 .succesively changed bathing media. Numbers at the bottom 1–5
indicate the number of the consecutive bathing medium. Each
value represents mean"S.E. of 5 experiments.
nal endogenous PGE which is known to be released2
w xinto serosal medium 17,18 , and value of the hemi-
bladder osmotic permeability in each bathing medium.
Immediately after dissection, paired hemibladders
 .were washed twice 10 s and transferred separately
into 5 ml of a fresh Ringer solution. After 20 min of
the control period, the incubation medium of the
urinary bladders was replaced 4 times every 15 min
by a fresh solution. Aliquotes of each bathing medium
were removed for radioimmunoassay of PGE ; the2
osmotic water flows were measured simultaneously.
The corresponding control hemibladder was in the
 .same solution during the experiment 80 min . In the
end of the experiment, the tissue PGE level was2
determined in both hemibladders.
Amount of the PGE released into 5 ml of the2
surrounding solution fell from 67.1 in the 1st solution
 .to 3.4 ngrmg tissue protein in the 5th Table 1 ;
more than 80% of the released PGE were found in2
the 1st and 2nd solutions. The total PGE amount2
released outside was higher in the urinary bladder
subjected to the changes of the bathing medium than
in the control 112.5 vs. 80.4 ngrmg protein, P-
.0.02 , while the differences in tissue PGE level were2
 .non significant Table 1 . As a result of four changes
of the bathing medium, the osmotic permeability rose
from 0.08"0.01 to 1.28"0.2 mlrmin cm2; simul-
taneously the PGE concentration in the serosal solu-2
y8 y10  .tion fell from 1.5P10 M to 6.1P10 M Fig. 5 .
( )R.G. Parno˝a et al.rBiochimica et Biophysica Acta 1356 1997 160–170166
 . Fig. 6. Activity of membrane adenylate cyclase AC pmol
.  .cAMPrmg protein min in the low permeable LP and highly
 .permeable HP hemibladders in which water flow was induced
by changes of the bathing medium. Open bars, basal activity;
solid bars, in the presence of 10y5 M forskolin. Each value
represents mean"S.E. of triplicate determinations.
Adenylate cyclase activity was determined in
membrane fractions of the homogenate of both the
 .control low osmotic permeability and experimental
 .hemibladders high osmotic permeability subjected
to changes of the serosal solution. The basal enzyme
activity in bladders with high osmotic permeability
 .was higher than in control by 109% P-0.05 ; the
forskoline-stimulated activity was higher by 74% P
.  .-0.001 Fig. 6 . To evaluate effects of PGE on the2
membrane adenylate cyclase activity in highly per-
meable bladders, PGE in a concentration of 10y112
Fig. 7. Dose dependence of the effect of PGE on the activity of2
 .adenylate cyclase AC in membrane fraction of the highly
permeable urinary bladder in which water flow was induced by
changes of the bathing medium % of basal activity, vertical axis,
.vs. molar PGE concentration logarithm . Each value represents2
mean"S.E. of triplicate determinations. ) P -0.05.
y6  .to 10 M was added to the assay medium Fig. 7 .
10y11 M PGE produced no effect; 10y10 M gave2
rise to a marked activation of the membrane adeny-
 .late cyclase by 196%, P-0.01 . Higher PGE con-2
 y9 .centrations )10 M slightly inhibited adenylate
cyclase; the significant inhibition by 33.4%, P-
. y6  .0.02 was produced by 10 M PGE Fig. 7 .2
To clarify a mechanism underlying the inhibitory
effect of PGE on adenylate cyclase, pertussis toxin2
 .PT which inactivates irreversibly the inhibitory gua-
Table 1
Total amount of prostaglandin E in 5 ml serosal bathing medium and in bladder tissue2
The consecutive number Control Experiment
of the bathing medium Absolute %
1 – 67.1"76 59.6
2 – 24.5"7.2 21.8
3 – 10.1"4.3 9.0
4 – 7.4"3.4 6.6
5 – 3.4"1.7 3.0
)Total 80.4"7.8 112.5"16.4 100
))Bladder tissue 76.2"19.4 57.5"8.5
))Tissueqmedia 156.6"11.8 168.3"9.6
Paired hemibladders were placed separately in 5 ml serosal bathing medium. Bathing medium of experimental hemibladder was changed
 .for a fresh Ringer solution 4 times every 15 min Experiment . Aliquotes were taken from each medium for radioimmunological
 .measurement of PGE level. The bathing medium of paired hemibladder was not changed Control . At the end of experiment both2
 .hemibladders were taken for PGE measurement in bladder tissue. Values ng PGE rmg tissue protein are means"S.E. of 42
experiments.
) P-0.02; )) differences are not significant.
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 .Fig. 8. Effect of pertussis toxin PT pretreatment on inhibition of
y6 the membrane adenylate cyclase activity by 10 M PGE as %2
.of basal level . Membranes were pretreated for 45 min at q288C
with 10 mg PTrml. Open bars, without PGE ; hatched bars, in2
the presence of 10y6 M PGE . Each value represents mean"S.E.2
of triplicate determinations. ) P -0.05, )) P -0.001.
 .nine nucleotide binding regulatory protein G wasi
used. Addition of 10y6 M PGE to assay medium2
decreased the adenylate cyclase activity in mem-
branes of the highly permeable bladder by 33.4%
 .Fig. 7 . The pretreatment of these membranes with
 .PT 10 mgrml , which by itself had no effect on the
basal adenylate cyclase activity, not only reversed the
inhibitory effect of PGE , but significantly increased2
the enzyme activity in the presence of 10y6 M PGE2
 .  .by 149% P-0.001 over the basal level Fig. 8 .
Fig. 9. Effect of 5P10y7 M PGE on the hydroosmotic response2
of the frog urinary bladder to changes of the bathing medium for
 . y4a fresh Ringer in absence solid line or presence of 10 M
 .  2N-ethylmaleimide dotted line mlrmin cm , vertical axis, vs.
.time, min . Arrows indicate the moment of change of the bathing
medium. Each value represents mean"S.E. of 6 experiments.
As an in vivo pretreatment of tissue with PT needs
 .a long-term high-temperature q378C activation, it
was inadequate to use this approach for the amphib-
ian bladder. To inactivate in vivo an inhibitory GTP-
 .binding protein, N-ethylmaleimide NEM , a
sulfhydryl alkylating agent, which has been found to
 .modify the GTP-binding G protein and to result ini
w xuncoupling of receptors from the G -protein 19,20 ,i
was used. To determine site of the PGE inhibitory2
effect, we added 10y4 M NEM to the serosal solu-
tion 30 min before the administration of 5P10y7 M
 .PGE Fig. 9 . NEM itself slightly decreased the2
water flow induced by changes of the bathing solu-
 .tion the differences were not significant , but abol-
ished the inhibitory effect of PGE .2
4. Discussion
In studies on functional organization of the os-
moregulating epithelia, ADH has been considered the
only hormone capable of increasing markedly the
osmotic permeability of the vertebrate osmoregula-
tory epithelium. The main significance of the current
work consists of the fact that changes of the sur-
rounding serosal solution produce an increase of the
osmotic permeability, this increase being of the same
order as that produced by high doses of ADH. It has
turned out that the revealed activation of the water
transport along an osmotic gradient is also accompa-
nied by activation of adenylate cyclase, an elevation
of the intracellular cAMP, with the same correlational
dependence between the cAMP level and the water
permeability in the both ways of the water flow
enhancement, i.e. by change of the bathing medium
 .or by AVT addition Fig. 2 . The complete similarity
has been also observed when comparing ultrastruc-
ture of the apical cell membrane of the urinary
bladders in which the water flow was stimulated
either by the hormone or by changes of the bathing
 .medium Fig. 3 . Appearance of the intramembranous
particle aggregates observed in the granular cell api-
cal membrane suggests that increase of the epithe-
lium water permeability at the ADH-independent
stimulation of the water transport is based on inser-
tion of the water channels. The data obtained indicate
that the activation of the water transport by changes
of the bathing medium is provided by the same
( )R.G. Parno˝a et al.rBiochimica et Biophysica Acta 1356 1997 160–170168
molecular mechanisms as those responsible for ef-
fects of ADH, i.e. by an elevation of the intracellular
cAMP and insertion of water channel-containing
structures into the apical membrane.
What mechanism is responsible for cAMP accu-
mulation and triggering of the regulatory cascade in
the hydroosmotic response induced by changes of the
serosal solution? Replacement of the bathing medium
by a fresh Ringer solution has been suggested to
result in a decrease of external concentration of some
 .regulatory factor s . High concentration of this factor
in the 1st bath provided for impermeability of epithe-
lium. The following observations allow us to con-
clude that the low osmotic permeability as well as
stimulation of the water flow after changes of the
bathing medium directly depends on the external
 .concentration of PGE : 1 endogenous PGE are2 2
continually released into the serosal bathing medium
 w x.present data 17,18 , and their level decreased 20
times during 4-fold changes of the bathing medium
 .  .Fig. 5 ; 2 the reciprocal correlation was established
between the value of the water flow in each bath and
concentration of PGE ; external concentration of2
PGE about 15 nM provided for a very low osmotic2
permeability; the high water permeability was re-
vealed when concentration of PGE was lower than 12
 .  .nM Fig. 5 ; 3 addition of 10 nM exogenous PGE2
at the maximal point of hydroosmotic response in-
duced a rapid decrease of permeability down to basal
level; after addition of 1 nM PGE the inhibition was2
still observed, whereas 0.1 nM PGE was uneffective2
15 min after addition and stimulated the water flow
 .within the next 15 min Fig. 4B .
Comparison of the total PGE released outside in2
the control urinary bladders and in the bladders in
which the water flow was activated by changes of the
bathing medium has shown that the changes of the
solution stimulate release of PGs into the surrounding
solution. This could have been accounted for by an
effect of the cytoplasmic swelling in the experimental
bladders due to a transcellular water transfer which
has been shown to stimulate release of PGE outside2
w x21 .
PGE has been shown to regulate adenylate cy-2
clase activity via pharmacologically distinct G-pro-
 .  .tein-coupled stimulatory EP and inhibitory EP2 3
receptors to stimulate and inhibit cAMP formation,
w xrespectively 22–24 . The EP receptor has been3
characterized pharmacologically in rabbit cortical col-
w xlecting duct cells 25,26 and in the cortical and
medullary thick ascending limb of the Henle’s loop
w xof rabbit kidney 27 . The exogenous PGE inhibits
the vasopressin-stimulated water flow in the toad
w xurinary bladder 15,16 and the mammalian cortical
w xcollecting duct 13,28 by inhibiting accumulation of
w xcAMP 10,29 through a G -linked pertussis toxin-i
w xsensitive PGE receptor 26,27,30,31 . These findings
strongly suggest that the inhibitory PGE effect is
mediated by coupling of the PGE receptor to G , thei
inhibitory GTP-binding protein of the adenylate cy-
clase complex.
Results of our experiments have shown that in the
frog urinary bladder, PGE in the concentration2
10y9–10y6 M inhibits markedly the water transport
stimulated by changes of bathing medium. Addition
of 10y6 M PGE to an isolated membrane fraction2
inhibited activity of adenylate cyclase. As this in-
hibitory effect was eliminated by a pretreatment with
pertussis toxin, we can assume that the inhibitory
PGE effect is due to an interaction of PGE with2 2
G -coupled proteins. This is indirectly substantiatedi
by experiments in vivo which have shown an elimi-
nation of the inhibitory PGE effect in the presence2
of NEM modifying the G -protein. There is a groundi
to believe that in the frog urinary bladder, a low
osmotic permeability is maintained by prostaglandins
producing, via EP -like receptors and G -protein, an3 i
inhibition of adenylate cyclase. At the same time,
though, an involvement of a pertussis toxin-indepen-
dent mechanism of the prostaglandin inhibition of
adenylate cyclase cannot be ruled out, this inhibition
being connected with a rise in the intracellular Ca2q
concentration and activation of protein kinase C, as it
has been shown for the rabbit renal collecting tubules
w x28,30 .
Stimulation of the adenylate cyclase activity by
PGs has been demonstrated in a great variety of cells
w xand tissues 22,23,32 . The PGE-induced enhance-
ment of cAMP accumulation has been shown in the
w xrabbit cortical collecting duct 25,30 , in the cortical
and medullary thick ascending limb of the rabbit
w x w xkidney Henle’s loop 27 and in the toad bladder 10 .
 y7As a rule, high concentrations of PGE 10 M and
. w xhigher stimulate adenylate cyclase 14 . In our exper-
 y10 .iments a lower dose of PGE 10 M markedly2
activated adenylate cyclase in membranes isolated
( )R.G. Parno˝a et al.rBiochimica et Biophysica Acta 1356 1997 160–170 169
from high permeable hemibladders. This result agrees
well with the endogenous PGE concentration in the2
serosal solution in which the osmotic water perme-
ability was high, and with dose-dependency of exoge-
nous PGE effect on the water flow induced by2
changes of the bathing medium. These data suggest
presence of high-affinity EP prostaglandin receptors2
coupled to a G -mediated stimulation of the cAMPs
generation.
Basing on these results, we suggest that PGE2
exerts its effect on the frog urinary bladder cAMP
metabolism by interacting with, at least, two distinct
PGE receptors such as a PT-sensitive inhibitory PGE
receptor and a stimulatory PGE receptor. The low
basal level of water osmotic permeability is provided
by a high PGE level in the serosal bathing medium.2
The significant decrease of the external PGE after2
several changes of the bathing medium induces acti-
vation of adenylate cyclase and as a result an en-
hancement of water permeability probably by a
mechanism of withdrawing tonic inhibitory effects of
G on the enzyme. The significant elevation of thei
adenylate cyclase activity in our model may be caused
 .  y10 .by 1 a low level of PGE as low as 10 M in2
the serosal solution, which could be achieved by a
partial removal of PGE from the bathing medium2
 .and 2 addition of any dose of PGE after pretreat-2
ment of membranes with pertussis toxin which irre-
versibly inactivates G .i
In conclusion, the present study has demonstrated
that increase of the osmotic water permeability in the
frog urinary bladder could be achieved by several
changes of the surrounding serosal medium indepen-
dently of neurohypophysial control. In this case,
stimulation of the water transport is provided by the
same molecular mechanisms as in case of treatment
by ADH: activation of adenylate cyclase, accumula-
tion of cAMP and insertion of aggregates of particles
with water channels into the apical membrane. We
suggest that the trigger role in hydroosmotic response
to changes of the serosal medium is played by a
decreased concentration of PGE which could stimu-2
late markedly the adenylate cyclase. The discovered
phenomenon suggests that not only neurohypophysial
control but also osmoregulatory epithelium itself
could strongly alter its permeability properties via
mechanisms of regulation of prostaglandin E syn-2
thesis and release.
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